. Eflects of jluoroacetate and (-)-hydroxycitrate on the activities of pyruvate dehydrogenase and acetyl-CoA carboxylase, the tissue concentration of citrate and the rate of fatty acid synthesis in rat epididymal fat-pads Pads were preincubated for 30min at 37°C in bicarbonate-buffered medium (Krebs & Henseleit, 1932) containing glucose (1 1 mM) and, whereappropriate, fluoroacetate(1 mM). For the assay of enzyme activities and tissue citrate concentration, the pads were transferred to fresh medium containing glucose ( l l m~) and additions of insulin ( 5 munits/ml), fluoroacetate (1 mM) and (-)-hydroxycitrate (5 mM) as indicated and incubated for a further 30min period. For the measurement of the rate of fatty acid synthesis, after 30min preincubation, the pads were transfered to fresh medium containing [U-*4C]glucose (1 1 mM and 5,uCi/mmol) and additions as above and incubated for 60min. Details of the analyses are given in the text. All results are given as means? S.E.M. for the numbers of separate observations given in parentheses. The initial activity of pyruvate dehydrogenase is expressed as a ratio to the activity of glutamate dehydrogenase; glutamate dehydrogenase is a mitochondria1 enzyme that serves as a convenient index of recovery of mitochondria [mean activity in these studies was 871 f 33 (n = 32) munits/g of wet tissue]. The initial activity of acetyl-CoA carboxylase is expressed as a percentage of the total activity, which is the activity observed after incubation of extracts with citrate and albumin (Stansbie et al., 1976) ; mean total activity of acetyl-CoA carboxylase in these studies was 145 f 6.4 (n = 32)munits/gofwet tissue. (4) 19.2T1.8 (4)tt 18.8k2.8 (4)t 0.5k0.1 (4) Insulin plus 182 f 22 (4)** 32.2 ? 1.9 (4)t** 77.6 f 3.2 (6)tt 45.6 f 2.7 (4)
Insulin plus 113 f 8 (4)tt** 34.6 f 4 . 0 (4)t* 18.9 f 2.9 (4)t 2.6 f 0.4 (3)tt fluoroacetate hydroxycitrate 570th MEETING, CARDIFF the concentration and/or distribution of citrate in the tissue may be important in the regulation of both these enzyme systems. Citrate activates preparations of acetyl-CoA carboxylase from a number of mammalian tissues by promoting aggregation of inactive protomeric subunits (Volpe & Vagelos, 1976) . In contrast, citrate may decrease pyruvate dehydrogenase activity through inhibition of pyruvate dehydrogenase phosphate phosphatase (Taylor & Halperin, 1973) , perhaps by chelation of Mgz+ and Caz+, which are activators of the phosphatase. The major objective of the present studies was to investigate the role of citrate in the regulation of fatty acid synthesis by use of two compounds, fluoroacetate and (-)-hydroxycitrate, which would cause large increases in the tissue concentration of citrate. Fluoroacetate is known to be converted in many tissues into fluorocitrate, which is a potent inhibitor of aconitate hydratase and thus can lead to substantial increases in the tissue citrate concentration (Morrison & Peters, 1954; Bowman, 1964) . On the other hand, (-)-hydroxycitrate is a potent inhibitor of another enzyme involved in citrate metabolism, ATP citrate lyase, and incubation of tissues with (-)-hydroxycitrate leads to marked decreases in the rates of fatty acid synthesis (Watson et al., 1969; Decker & Barth, 1973; Sullivan, 1976) . Epididymal fat-pads were obtained from male Wistar rats (180-22Og) allowed free access to stock laboratory diet. Details of incubation conditions are given in Table 1 . After incubation, the pads were quickly frozen in liquid N2 and enzyme activities assayed as described by Coore et al. (1971) , Halestrap & Denton (1974) and Stansbie ef al. (1976) . Tissue concentrations of citrate were measured fluorimetrically (Denton & Halperin, 1968) and the rates of fatty acid synthesis determined from the incorporation of "C from [U-'4C]glucose into fatty acids (Halestrap & Denton, 1975) . Fluoroacetate was obtained as the sodium salt from Sigma (London) Chemical Co., Kingston-uponThames, U.K., and (-)-hydroxycitrate (trisodium salt) was a kind gift from Dr. Ann Sullivan, Hofmann-La Roche, Nutley, NJ 071 10, U.S.A.
Effects of insulin in these studies (Table 1) were in close agreement with those found in earlier investigations (Denton & Halperin, 1968; Coore et al., 1971 ; Halestrap & Denton, 1974) . Thus the rate of fatty acid synthesis was greatly increased and this was accompanied by approximately 3-fold rises in the initial activities of both pyruvate dehydrogenase and acetyl-CoA carboxylase. No change in the tissue concentration of citrate was discernible.
Incubation with fluoroacetate resulted in 10-fold increases in the tissue concentrations of citrate in both the presence and absence of insulin (Table l) , to give values of about 70 nmol/g of fresh tissue. This is equivalent to an intracellular concentration of 2-3 m~ assuming even distribution throughout the fat-cell. Despite these large increases in citrate concentration, there was little or no change in either the rates of fatty acid synthesis or the initial activities of pyruvate dehydrogenase and acetyl-CoA carboxylase.
Incubation with (-)-hydroxycitrate also resulted in an increase in the tissue content of citrate. However, the increase was much smaller than that seen with fluoroacetate although the concentration of (-)-hydroxycitrate used was sufficient to cause almost complete inhibition of fatty acid synthesis (Table 1) . Both in the presence and absence of insulin, there was evidence of a small decrease in the initial activity of pyruvate dehydrogenase and a modest increase in that of acetyl-CoA carboxylase.
Taken alone, the changes in enzyme activities observed in tissues incubated with (-)-hydroxycitrate could be considered to support the suggested roles for citrate in the regulation of the activity of pyruvate dehydrogenase and acetyl-CoA carboxylase. However, when comparisons are made with the results obtained with fluoroacetate and insulin the argument is not convincing. Fluoroacetate caused a far greater increase in citrate, but was without appreciable effect on either the rate of fatty acid synthesis or on the activities of the two enzymes, although insulin results in large increases in both enzyme activities and synthetic rate without altering the citrate content of the tissue. We conclude from these studies, as we have previously on other evidence (Denton & Halperin, 1968; Halestrap & Denton, 1974) , that the concentration of citrate is probably not of great importance in the regulation of fatty acid synthesis.
The distribution as opposed to the concentration of citrate within cells has not been Vol. 5 investigated in the present studies. However, it seems improbable that complete localization of such large changes in the total tissue content ofcitrate, as those seen with fluoroacetate, could be restricted to a single subcellular compartment. In any case, pyruvate dehydrogenase and acetyl-CoA carboxylase are located in separate cell compartments and to preclude a citrate effect on both enzymes a further 'citrate compartment' would have to be envisaged. In fat-pads incubated with glucose and insulin, the flux through ATP citrate lyase is far greater than that through aconitate hydratase (Flatt & Ball, 1964; Katz & Rognstad, 1966) . It is therefore somewhat surprising that the increase in citrate concentration is so much greater with fluoroacetate than with (-)-hydroxycitrate; perhaps the effects of (-)-hydroxycitrate are not exerted simply through inhibition of ATP citrate lyase. These studies were supported by grants from the Medical Research Council and the Wellcome Foundation.
